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I The Centre for Electronic Materials and Devices (CEMD) at the Imperial College of Science, Technology and 
Medicine was established in October 1997, under the directorship of Professor Gareth Parry, to bring togeth- 
er the research activities in electronic materials and devices being pursued in the various departments of the 
College. Recent research highlights of the 'virtual' Centre include advances in light emitting diode (LED) 
performance using quantum dots and resonant cavities; infrared LEDs for gas sensors; micropower devices; 
micromechanical self assembly techniques; superconducting tape technology; and transistors that can be 
fabricated on plastic sheets. 
T 
he CEMD is a cross-discipli- 
nary centre tasked with ex- 
ploiting the synergy 
between the diverse activities in 
the areas of electronic materials 
and devices at Imperial College, 
part of the University of London. It 
is a virtual centre in that all the re- 
search, teaching and training activi- 
ties are carried out in traditional 
Academic Departments. The 
Centre is responsible for enhanc- 
ing internal and external communi- 
cations, encouraging joint and 
collaborative projects, and ensur- 
ing the most appropriate use of 
shared facilities. 
CEMD brings together re- 
searchers not only from the 
Electrical Engineering and Physics 
Departments, but also colleagues 
from Chemistry and Materials. 
Membership is informal, depend- 
ing on the participants perceiving 
mutual benefit, with the bound- 
aries expected to evolve with time. 
The Centre has a core staff of 
40 (including students and post- 
doctoral workers). A large amount 
of capital equipment devolved to 
the CEMD from the former 
Interdisciplinary Research Centre, 
including five molecular beam epi- 
taxy (MBE) machines, transmission 
electron microscopes, scanning 
tunnelling and atomic force micro- 
scopes, extensive optical character- 
ization and device assessment 
facilities, an FTIR spectrometer and 
an X-ray diffractometer. 
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Figure 1. 300 K emission from a QD p-i-n diode on a GaAs substrate under different current 
injection levels. 
Work is funded largely by the 
UK's Engineering and Physical 
Sciences Research Council (EP- 
SRC), with some additional 
European grants. In addition, com- 
panies such as Hewlett-Packard 
provide instrumentation for use in 
certain projects• 
World class research is taking 
place at CEMD on many fronts, in- 
cluding: MBE of Ill-V, Si-SiGe, and or- 
ganic materials; optoelectronic 
devices; III-V and SiGe electronic 
devices; growth techniques for 
mesoscopic devices; quantum dots; 
photonic bandgap and microcavity 
engineering; Si microengineering; 
infrared devices for sensors; tech- 
nology for display devices, and the 
physics and technology of high 
temperature superconductors. 
Optoelectronic 
endeavours 
In terms of optoelectronic devices, 
much of the work at CEMD is fo- 
cused on the new generation of op- 
tical devices utilizing micro-cavities, 
such as surface emitting lasers, 
Fabry-Perot modulators and reso- 
nant detectors. 
The production of these 1-2 ~m 
wide optical cavities has been 
made possible by advances in 
semiconductor growth tech- 
niques.These enable the two paral- 
lel mirrors, forming the optical 
microcavity, to be grown as Bragg 
reflector stacks hi the same 
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sequence as the device active lay- 
er. Improved performance of mi- 
crocavity devices rests on gaining 
greater control of the growth 
processes governing material uni- 
formity, electrical properties and 
reproducibility of device struc- 
tures. The CEMD's vertically inte- 
grated programmes directly 
address these problems by draw- 
ing on combined expertise in semi- 
conductor growth, character- 
ization and device design to evalu- 
ate a range of new structures oper- 
ating in the near infra-red. 
Other research efforts are 
aimed at applications to introduce 
optical communications to the 
work place. Data transfer between 
computers or IT hardware distrib- 
uted around an office or factory is 
a potential area in which free- 
space cellular optical networks 
could prove useful. Microcavity 
lasers and LEDs would be the ideal 
sources for optical transmission i
these communication links. At 
CEMD a novel growth technique 
for fabrication of these micro-cavi- 
ty devices is being developed to 
gain improved performance and is 
discussed in more detail below. 
Electronic devices 
In the field of III-V electonic de- 
vices, CEMD is working on improve- 
ments in the areas of materials, 
device design and fabrication to en- 
able the requirements for higher 
operating speeds, greater efficiency, 
increased output power and re- 
duced size.To this end, the Centre is 
combining research into crystal 
growth mechanisms with studies of 
the detailed quantum mechanical 
processes operating in semiconduc- 
tor structures. 
In preparing improved semicon- 
ductor multi-layer structures for 
electronic devices, CEMD is 
employing the concept of 'wave- 
function engineering'. In this ap- 
proach, structures are designed to 
optimize the spatial and energy dis- 
tributions of electrons (character- 
ized by their quantum mechanical 
wavefunctions). These advanced 
structures are achieved by tailoring 
the material composition and 
dopant distributions during the 
growth process. The current pro- 
gramme is directed at an improved 
power field effect transistor frET) 
using InGaAs quantum well struc- 
tures, but the results are expected to 
have implications for a wide range 
of high speed electronic devices. 
To implement the new ad- 
vanced devices predicted by wave- 
function engineering, the Centre is 
looking at ways of improving the 
electrical activity of dopants in III-V 
compounds, in both uniformly 
doped material and &doped struc- 
tures (where dopants are deposited 
on a single atomic plane). 
A combination of surface sci- 
ence studies and electrical, optical 
and structural measurements of 
simple doped layers and complex 
device structures i aimed at under- 
standing the relationship between 
growth conditions and dopant 
behaviour. 
Underpinning the advanced e- 
vice programmes are basic studies 
of epitaxial processes, including 
the development ofgrowth simula- 
tion models. 
Self-assembled QDs 
A particularly promising area of re- 
search at CEMD, rapidly approach- 
ing commercialization, is work into 
serf-assembled quantum dots 
(QDs). One of the advantages QDs 
enjoy compared with quantum 
wells is the intimacy of the elec- 
tron/hole pair due to their spatial 
confinement.There is a high proba- 
bility that the two particles will re- 
combine to form a photon whose 
energy depends on the size and 
composition of the dot. The prob- 
lem is how to control these to ob- 
tain 'useful' wavelengths. 
CEMD's recent research as been 
concerned with engineering emis- 
sion at 1.3 ~-n, the wavelength used 
in optical fibre communications, 
from InAs QD grown on CcaAs 
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Figure 2. Comparison of the light emitted by a conventional LED and a resonant cavity (RC) 
LED. Note the difference in scale - there is nearly ten times more 'useful'light emitted by the 
RC-LED. 
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substrates. Currently this wavelength 
has only been accessible using semi- 
conductor layers containing P 
grown on InP substrates. InP tech- 
nology is not as advanced and is 
more expensive than that based on 
GaAs, and this provides the impetus 
for the centre's work in this area. 
Figure 1 compares the electro- 
luminescence obtained under dif- 
ferent current injection levels for a 
p-i-n diode with a single InAs/ 
GaAs QD active layer. Research 
leader, Dr Ray Murray, says this is 
the longest wavelength yet record- 
ed for a device grown on a GaAs 
substrate. 
There is a problem with de- 
vices such as this which is quan- 
tum mechanical; only two 
electrons and two holes can be ac- 
commodated in the lowest dot 
states.Thus at higher current injec- 
tion the lowest state saturates and 
there is emission from the higher 
lying excited states. 
Murray says the CEMD has 
attempted to overcome this short- 
coming by limiting the photon 
modes. Figure 2 shows the emis- 
sion from a QD layer embedded in 
an optical microcavity consisting 
of a lower distributed Bragg reflec- 
tor (DBR) (several quarter wave 
layers of GaAs and AlAs) and an up- 
per Ti/Au mirror which also serves 
as a contact. The cavity resonance 
( -1280 nm) allows light to escape 
from the substrate side but the ex- 
cited state emission around 1200 
nm present in the control sample 
(grown without the lower DBR) is 
suppressed. 
At present the design involv- 
ing a metall ic top mirror  limits 
the cavity Q so that narrower  
l inewidths will only be achiev- 
able with a dielectric mirror. The 
structure is then indistinguish- 
able from a Vertical Cavity 
Surface Emitting Laser but with 
two distinct advantages: the 
DBRs can be grown using alter- 
nate layers of GaAs/AIAs and the 
threshold current  should be tem- 
perature insensitive because of 
the discrete nature of the elec- 
tronic states in a QD. 
With a huge potential for such 
devices, particularly in telecommu- 
nications, CEMD is already begin- 
ning to attract significant interest 
in this work, with Hewlett-Packard 
among the companies keen to 
develop them further. 
Contact: Dr Ray Murray, 
Centre for Electronic Materials 
and Devices, 
The Blackett Laboratory, 
Imperial College of Science, 
Technology and Medicine, 
Prince Consort Road, 
London SW7 2BZ, 
UK. 
Tel: +44-171-594-6666. 
Fax: +44-171-581-3817. 
URL: www.sc.ic.ac.uk. 
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